SUMMARY Real-time cross-sectional echocardiographic studies of the left ventricle were performed in 31 consecutive patients with angiographically proven left ventricular aneurysms (group 1). In each of these patients the presence and location of the aneurysm was visualized by the cross-sectional echocardiography. In four patients discrepancy in the extent of the aneurysm was noted due either to failure of the cross-sectional technique to visualize the entire anterior wall of the ventricle (3) or failure of the single plane angiogram to adequately define the lateral extent of the aneurysm (1) . Ventricular VENTRICULAR ANEURYSMS are relatively common findings in patients with coronary artery disease and may complicate as many as ten percent of acute transmural myocardial infarctions." 2 Once formed, the aneurysm may contribute to the development of cardiac decompensation and underlie such serious secondary complications as recurrent ventricular arrhythmias and systemic embolization, thus significantly worsening the patient's prognosis for life. 3 Since surgical extirpation of ventricular aneurysms has been shown to be effective in reducing symptoms and improving hemodynamics in selected patients,4 accurate diagnosis is extremely important. Although aneurysms may be detected at the bedside and with noninvasive techniques such as chest roentgenography and electrocardiography, it has been reported that forty to fifty percent of discrete ventricular aneurysms are not detected prior to angiography or necropsy.? Even when suspected clinically, ventriculography is required to precisely define the location and extent of ventricular aneurysms.
M-mode echocardiography has proven useful in estimating left ventricular size and function noninvasively in the symmetrically contracting ventricle.9'-2 The ability of this technique to visualize localized areas of ventricular dysfunction has also been reported. '3 14 Data suggesting that M-mode echocardiography might be useful in detecting ventricular aneurysms, however, have appeared only in the form of isolated case reports."' 16 Cross-sectional echocardiography, by enlarging our field of vision and providing correct spatial orientation, should permit more precise visualization of localized areas of ventricular dysfunction. Recent reports have suggested that B-mode scanning of the left ventricle may be useful in quantitating localized areas of ventricular dysfunction'7 and detecting the presence of ventricular aneurysms in selected patients. ' 8 The purpose of this study was to shape and contraction sequence in patients with aneurysms were compared with similar patterns in 20 patients with normal left ventricles (group II), and 20 patients with ischemic heart disease and localized ventricular dysfunction without aneurysm formation (group III). Other noninvasive methods for detecting aneurysms (including physical examination, chest roentgenography, electrocardiography, and M-mode echocardiography) were also evaluated in the aneurysm group. This report suggests that cross-sectional echocardiography is a useful method for detecting ventricular aneurysms noninvasively. of both real-time cross-sectional and M-mode echocardiography in detecting ventricular aneurysms in a large group of consecutive patients. The relationship of these techniques to other more established noninvasive methods of detecting ventricular aneurysms such as electrocardiography, chest roentgenography, and physical examination, was also examined.
Materials and Methods
Real-time, cross-sectional echocardiographic studies of the left ventricle were performed in 31 consecutive patients with angiographically proven ventricular aneurysms (group I). There were 22 males and 9 females. Ages ranged from 30 to 71 years (mean of 51.9 years). In 29 of these 31 patients the aneurysms were the result of atherosclerotic coronary artery disease. In one case a small left ventricular aneurysm or diverticulum was felt to be congenital in origin. In the final case, a young male with a long history of heavy alcohol ingestion and two prior documented myocardial infarctions, a large ventricular aneurysm was demonstrated, as were angiographically normal coronary arteries. In this case the myocardial infarctions and secondary aneurysm formation were felt to be embolic in origin.
The changes in ventricular contour and contraction pattern noted in the 31 patients with left ventricular aneurysms were compared with the shape and contraction pattern of the left ventricle in two other groups of patients. Group II contained 20 patients with normal left ventricular function. Ten of these patients were normal young male volunteers with no evidence of cardiac disease and normal M-mode echocardiograms. The other 10 were patients with valvular heart disease who were demonstrated to have normal ventricular contraction and hemodynamic function at cardiac catheterization.
Group III contained 20 patients with ischemic heart disease with localized abnormalities of left ventricular wall motion but without evidence of aneurysm formation. This group contained 17 patients examined prospectively who underwent coronary cineangiography and left ventriculography for evaluation of coronary artery disease and three patients with extensive acute anteroapical myocardial infarctions documented by serial ECG changes and serum enzyme elevations. Patients with acute myocardial infarction were examined within the first 48 hours following develop-936 ment of the infarct. Since patients in groups II and III were utilized as controls, only subjects with high quality left ventricular cross-sectional studies were included in these groups.
Cross-sectional echocardiographic studies were performed using a mechanical sector scanner developed in collaboration with the Fortune-Fry Research Laboratories at the Indiana University Medical Center. This system consisted of a modified Ekoline 20 echograph with a pulse repetition rate of 4.5 kc/sec. The scanner probe contained a 2.25 MHz transducer which was mechanically driven through a 30°sector at a variable rate of from 0 to 30 cycles/sec. This system was routinely operated at a frame rate of approximately 40 frames or 20 cycles/sec, which yielded a line density of approximately 112 lines/frame. The cross-sectional studies were photographed using a standard portable television camera (GBC CTC 6000) and recorded on half-inch videotape cassettes using a Sanyo VTC 7100 cassette recorder. Cross-sectional images were available for display in a real-time, slow motion, or single frame format. Single frames were converted to hard copy using a videoscan converter and modified Honeywell 1856 strip chart recorder. Further details of this system have been previously reported. [19] [20] [21] [22] Cross-sectional studies were performed with patients in either the supine or the left lateral position. To initiate the study cross-sectional examination of the cardiac apex was performed by placing the transducer directly over it with the plane of the scan aligned parallel to the long axis of the left ventricle. Following the long axis recording, the transducer was rotated 900 to record a short axis of the ventricular apical area. By combining both short and long axis scans, we attempted to record the shape and contraction pattern of the anterior, posterior, medial and lateral ventricular walls in an area from the papillary muscles to the tip of the cardiac apex.
Following the apical recording the transducer was moved superiorly one or more interspaces to record the body of the left ventricle. This was defined as an area stretching from the level of the papillary muscles to the atrioventricular ring and insertion of the mitral valve. The body of the left ventricle was also examined in both a long and short axis presentation. An attempt therefore was made to evaluate eight individual segments of the ventricle. Figure 1 diagrammatically illustrates the individual segments of the ventricle which were evaluated. Since the posterior wall lies in the broader segment of the triangular scan plane, it was generally possible to evaluate the entire length of both the apical and basal segments of the posterior wall from single scan positions. The anterior wall which lies in a narrower portion of the scan plane required evaluation in more limited segments and could not be completely recorded in all cases. In addition it was generally not possible to record both medial and lateral walls of the ventricle from the same transducer position. Recording of these areas required rocking the transducer from medial to lateral aspect of the ventricle.
Cross-sectional studies were recorded prospectively in eleven cases and retrospectively in twenty. Retrospective studies were performed and interpreted with prior knowledge of the presence of a ventricular aneurysm but no knowledge of its location or extent. Left ventriculograms were performed in the RAO projection following injection of 30 to 50 ml of contrast material (renografin 76). Coronary cineangiography was performed in each case using standard angiographic techniques. Informed consent was obtained in each case prior to cardiac catheterization. Cardiac catheterization and cross-sectional echocardiographic studies were performed within 48 hours of each other in 29 of the 31 group I patients. In two cases, patients F. C. and B.D., cineangiograms were performed six months and two years prior to the cross-sectional study. Cardiac catheterization was performed within 48 hours of the cross-sectional study in all other catheterized patients.
For the purpose of this study an aneurysm was defined as an interruption in the normal contour of the left ventricular wall occurring during both diastole and systole. This was in contrast to localized areas of dyskinesis in which the alteration in ventricular contour occurred only during systole. Using the RAO angiogram, aneurysms were classified as anterior, apical, posterior, or a combination of more than one of these areas. Based on these criteria, there were five patients with isolated apical aneurysms, 22 patients with apical aneurysms with associated anterior wall involvement, one patient with a large isolated anterior wall aneurysm, and three patients with posterior wall aneurysms.
To determine the relative ability of other noninvasive techniques to detect the presence of ventricular aneurysms, 937 i VOL 54, No 6, DECEMBER 1976 the clinical, electrocardiographic, radiographic, and Mmode echocardiographic findings of patients in the aneurysm group (group I) were also evaluated.
An aneurysm was considered to be present clinically if either a sustained paradoxical apical impulse or an ectopic ventricular impulse was noted in the patient's clinical record. Chest roentgenograms were examined for a localized bulge in the cardiac silhouette, which was considered to indicate the presence of an aneurysm. Electrocardiograms were evaluated for evidence of myocardial infarction, intraventricular conduction delay and persistent ST-segment elevation. Electrocardiographic diagnosis of myocardial infarction was made on the basis of pathologic Q or QS patterns as defined by the modified Minnesota code.23 Records meeting the criteria for class 1-1 were considered diagnostic for myocardial infarction. Those meeting the criteria for classes 1-2 or 1-3 were considered as probable or possible infarcts, respectively. Ventricular aneurysms were felt to be present if there was persistent 2 mm or greater ST elevation in the absence of an intraventricular conduction delay.
M-mode echocardiograms were recorded in 30 of these 31 cases. These records were also evaluated for any signs which might indicate the presence of ventricular aneurysm. Although no clear cut M-mode echocardiographic criteria have been described to indicate the presence of ventricular aneurysms, we feel that the demonstration of an increase in diastolic ventricular diameter recorded in the area of the ventricular apex during slow M-mode scanning of the left ventricle is suggestive of a ventricular aneurysm.24 Others have reported a localized displacement of the posterior left ventricular wall to indicate the presence of an aneurysm. 15' 16 M-mode echocardiographic studies were therefore reported as indicating a ventricular aneurysm when 1) the ventricular end-diastolic diameter at the apex of the heart exceeded a similar diameter recording at the base of the heart, or 2) a localized prominent displacement of either the anterior or the posterior ventricular wall echo was noted during continuous scanning of the left ventricle. 
C Results

Normal Left Ventricles
Cross-sectional studies of the left ventricle in patients with normal ventricular function (group II) revealed the ventricle to be a symmetrical structure with no interruptions in the normal configuration of its walls during either diastole or systole. During short axis study, both the body and apical segments of the ventricle had a circular configuration. During the contracting sequence there was a symmetrical inward motion of the ventricular walls. The normal shape and contraction pattern of the left ventricular short axis has been previously described.25 26 In a long axis presentation there was a slight inward curvature of the posterior left ventricular wall extending from the insertion of the posterior mitral leaflet to the level of the papillary muscles. Distal to the papillary muscle the curvature became more pronounced reaching a tapered point at the ventricular apex. In none of these patients was there an interruption in the normal ventricular configuration in either the long or short axis presentation during diastole or systole. The normal shape and contraction sequence of the distal portion of the body of the left ventricle and ventricular apex are illustrated in figure 2. lschemic Disease without Aneurysm In patients with ischemic disease of the left ventricle without angiographic evidence of aneurysm formation (group III) cross-sectional study demonstrated localized abnormalities of the ventricular contraction sequence, generalized dilatation of the entire ventricle, and/or localized distortion of the ventricular contour during systole reflecting dyskinesis. In no case was localized diastolic distortion .in the shape or configuration of the left ventricle noted. Figure 3 is an example of a dilated, hypokinetic ventricular apex from a patient with diffuse ischemic disease of the ventricle. Figure 4 is a recording from one of the three patients with acute anteroapical myocardial infarctions demonstrating dyskinesis of the anteroapical segment. In cases of acute myocardial infarction as in other patients in .29 Figure 2A is recorded at end diastole, 2B during mid-systole, 2C at end systole. Figure 2D is a line drawing indicating the relative position of the apical endocardium at each ofthese points. Thisfigure illustrates initial contraction of the apical myocardium toward the base of the heart, followed by inward motion of the anterior and posterior walls. Systolic wall thickening is also apparent. EP = epicardium; EN = endocardium; LAX= long axis. Figure 3A is recorded at end diastole and 3B at end systole. Figure 3C is a line drawing indicating the relative position ofthe apex at end diastole and end systole. This figure illustrates dilatation and rounding with increase in radius ofcurvature of the ventricular apical segment along with symmetrically decreased contraction of the apical myocardium. There is however no interruption in the ventricular contour during either diastole or systole.
-----..-.systole: 1cm this group, the diastolic integrity of the ventricle was maintained. During systole a dyskinetic bulge of variable size, affecting the anterior wall and portions of the ventricular apex, was noted in each of the three cases with acute myocardial infarction.
Ventricular Aneurysms
Cross-sectional echocardiographic recordings of the left ventricle were possible in each of the 31 consecutive patients with ventricular aneurysms. In 25 patients all eight segments were recorded. In three records obtained during the early portion of this study, only a long axis was recorded and hence only four segments were available for analysis. In three other studies it was impossible to record satisfactory tracings of the body of the left ventricle and hence only apical studies were available. In each of these three cases, however, it was possible to record the posterior wall of the left ventricle by tipping the transducer superiorly toward the A-V ring. Specific data for the individual patients are contained in table 1. In contrast to groups II and III a clearly defined localized interruption in the diastolic configuration of the left ventricle was recorded in each of the group I patients. The area in which the predominant aneurysmal dilatation was recorded on cross-sectional study corresponded in each case to a similar area of the left ventriculogram. In four of these 31 cases there was a minor discrepancy in the extent of associated ventricular involvement in the aneurysmal process. In three cases the aneurysm was interpreted as involving the anterior wall on cross-sectional study. Only the apex could be examined in these three cases and the anterior wall was assumed to be involved because of dyskinetic motion of the anterior segment of the apex. In each case, however, normal anterior wall motion was demonstrated at angiography in the basal portion of the ventricle. In the fourth case a large sacular aneurysm was interpreted on angiography as being confined to the anterior wall while on cross-sectional study this aneurysm was demonstrated to involve both the anterior and lateral segments. The majority of aneurysms in this study involved the cardiac apex. Figures 5-10 The relationship of the cross-sectional echocardiographic diagnosis of ventricular aneurysm to other clinical and noninvasive diagnostic parameters was also evaluated ( fig. 11 ) in the patients with ventricular aneurysms (group I).
Review of clinical records (table 1) of these 31 patients revealed that a ventricular aneurysm was suspected clinically by either presence of a sustained paradoxical systolic apical impulse or an ectopic ventricular bulge prior to angiography in 10 of the 31 cases (32%). An isolated bulge in the cardiac silhouette was present on chest roentgenogram in only three cases (10%). the three patients with acute anteroapical myocardial infarction. Figure 4A is an end-diastolic recording and 4B an end-systolic recording. Figure 4C The electrocardiogram was diagnostic of prior myocardial infarction in 24 cases, indicated probable myocardial infarction in three cases, and possible infarction in two cases. Left bundle branch block was present in one of the remaining two cases while in the other the electrocardiogram was normal. Persistent ST elevation > 2 mm suggesting the presence of a left ventricular aneurysm was present in 12 cases (39%).
M-mode echocardiograms were interpreted as indicative of a ventricular aneurysm based on an apical dimension greater than a corresponding basal dimension in 14 of 30 patients (47%). In no case was a localized prominent description of either the anterior or posterior ventricular wall echoes noted. Abnormal M-mode echocardiograms were recorded only in patients with anteroapical aneurysms. The remaining 16 M-mode echograms were not felt to indicate the presence of an aneurysm.
Discussion
In this study we evaluated the ability of pulsed reflected ultrasound in the form of both time motion or M-mode and real-time cross-sectional echocardiography to detect the presence of ventricular aneurysms. Although M-mode echocardiography has been widely used as a noninvasive method of detecting cardiac structural and functional disorders, there have been few reports concerning its ability to detect ventricular aneurysms. Peterson et al. reported an abrupt 2.5 cm posterior displacement of the posterior left ventricular wall echo in a patient with a large posterior wall aneurysm.'5 Kreamer et al. reported similar findings in two cases with large ventricular aneurysms.6 In a group of fifteen patients, Yoshikawa noted that although M-mode echocardiography could detect asynergy of various portions of the ventricle, a diagnosis of ventricular aneurysm could not be made using the M-mode technique." 8 We have noted that if one recorded a left ventricular internal dimension in the standard position at the free edge of the mitral valve and compared this with a ventricular dimension recorded with the transducer located in the area of the cardiac apex, the normal tapering of the ventricular wall results in the apical dimension being less than the basal dimension. In patients with apical aneurysms, however, the converse is frequently true. In this regard Dillon et al. noted that the apical dimension exceeded the basal dimension in seventeen of eighteen patients undergoing surgical resection of ventricular aneurysms. It was further noted that these dimensions could be useful in predicting surgical outcome.24 The use of Mmode echocardiography as a technique for diagnosing ventricular aneurysms was not evaluated, however, since only surgical cases were included. Hence patients were preselected on the basis of their anticipated ability to survive surgery implying an area of functional myocardium sufficient to support the circulation following removal of the 940 CIRCULATION VENTRICULAR ANEURYSM DETECTION BY CSE/Weyman et al. In the present study, which included all patients with aneurysms, M-mode recordings were felt to indicate the presence of these aneurysms in 14 of 30 cases (47%). Of the 14 patients in this study who underwent surgery eight had M-mode recordings suggestive of ventricular aneurysm. All were apical aneurysms. Of the other six, two were posterior wall aneurysms and one had left bundle branch block. Thus in eight of 11 patients with apical aneurysms who were considered surgical candidates the M-mode recording suggested the diagnosis. It appears therefore that while M-mode echo-FIGIURE 6. Left ventricular cineangiogram corresponding to the cross-sectional st udy in figure 5 . The apex in the angiographic study is reversed in comparison to the cross-sectional recording. The sector superimposed on this angiogram illustrates the relationship of the 30°scan to the left ventricular apex when the transducer (T) is placed directly over the apical area. The area ofthe ventricle encompassed in this 300 sector corresponds to the similar area in the sector in figure 5. cardiography is useful in predicting surgical outcome in patients with apical aneurysms and in detecting these aneurysms in patients with good residual basal cuff, it is not a sensitive method for detecting aneurysms in general.
Cross-sectional or two-dimensional echocardiography, by increasing our field of vision and providing correct spatial orientation, should permit more precise visualization of localized areas of ventricular dysfunction or structural distortion. Two recent reports have indicated that localized areas of asynergy or aneurysmal dilatation could be detected by B-mode scanning in selected patients. Teichholz et al. Real-time cross-sectional echocardiographic sector scanning appears to have several advantages over conventional B-mode scanning. These include more rapid data acquisi-FIGURE 7. Cross-sectional scan from another patient with an apical aneurysm. The left handpanel was recorded during diastole and the center panel was recorded during systole. The right hand line drawing indicates the relative position of the inner border of the ventricular apex at these two points in the cardiac cycle. The dashed vertical arrow indicates the junction or hinge point between the normally contracting posterior ventricular wall and the dyskinetic apical segment. During real-time scanning this junction or hinge point between the normal and dyskinetic areas of the ventricle produces a very prominent rocking YSTOLE motion facilitating recognition of these apical IASTOLE aneurysms.
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VOL 54, No 6, DECEMBER 1976 LV -SAX FIGURE 8. Short axis cross-sectional scan of the body of the left ventricle demonstrating a large anterolateral aneurysm. The line drawing to the right illustrates the relationship of the 30 scan to the left ventricle, and the relalive extent of the aneurysm. In this particular case the aneurysm was so large that it could not be encompassed in one scan area and appreciation of the aneurysm required multiple scans of a large area of the chest.
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LV PMV tion, visualization of ventricular dynamics in real time and an ability to utilize a more limited echocardiographic window. In this study using this technique we were able to detect discrete ventricular aneurysms in 31 consecutive patients. The anatomic distribution of these aneurysms was similar to previously reported series in patients with coronary artery disease1' 8, 28 and the location of each aneurysm was readily identified echocardiographically. In addition to the large aneurysms seen in the patients with coronary artery disease this group included one small 2 cm congenital aneurysm which has been previously reported.27 Our ability to detect the presence of ventricular aneurysms in each of the patients examined in this study is somewhat surprising in view of the recognized difficulty in performing echocardiographic studies in patients with coronary artery disease. There are several reasons for this finding. First, in patients with ventricular aneurysms the left ventricle dilates increasing the area which is potentially available for echocardiographic FIGURE 9. Long axis cross-sectional study ofthe cardiac apex and posterior wall demonstrating a large posterior wall aneurysm. This aneurysm extended from the area ofthepapillary muscle to the A -V ring at the base of the heart. study. This is exemplified by the high percentage of ectopic or paradoxical impulses noted in these patients on physical examination (32%). In any area where the heart is palpable beneath the chest wall the underlying cardiac structures are as a rule readily available for echocardiographic examination. Secondly, extensive use was made of the apex as a window for echocardiographic study. It was noted that in each of the patients in this series the shape and contraction pattern of the cardiac apex could be visualized by placing the transducer directly over this area. This is particularly important since the majority of aneurysms in this and other series involve the cardiac apex." 8, 28 The potential value of the apical window is further exemplified by the fact that while the apex was recorded in each patient, in three of these cases no useful information could be obtained with the transducer placed in the standard echocardiographic window at the left sternal border. Finally, recording images in real-time permits wall motion abnormalities in various areas of the heart to be visualized during the course of the study. The junctional areas between normally contracting heart muscle and akinetic or dyskinetic segments are particularly highlighted. This phenomenon is very prominent in apical aneurysms where a characteristic hinge point is generally seen at the junction of the normally contracting posterior wall myocardium and the akinetic or dyskinetic apical segment. Thus patients with ventricular aneurysms may form a subset in the group of patients with coronary artery disease in whom diagnostic quality echocardiographic studies may be obtained more readily than generally expected.
The major technical limitation of sector scanning in the series was the inability to record the full extent of the anterior wall. This was a result of the elongation of the anterior wall frequently seen in patients with anteroapical aneurysms, combined with the fact that the anterior wall lies in a relatively narrow portion of the triangular 30°sector. Nevertheless, in 21 patients with anteroapical aneurysms in whom the anterior wall was recorded the area of involvement was well characterized. When the anterior wall was not recorded at the base of the heart, extrapolation of apical anterior function to the more basal portions of the anterior wall proved erroneous.
Data in this series relative to the ability of physical examination, chest roentgenogram, and electrocardiographic examinations to detect the presence of ventricular aneurysms are similar to those previously reported. The most reliable of these techniques was the electrocardiogram which, on the basis of persistent ST elevation, was suggestive of ventricular aneurysm in 39% of these cases. When all of these techniques were considered together there were still eleven patients in whom ventricular aneurysms were only detected by cross-sectional echocardiography. This finding was notably true in each of the three patients with aneurysms of the posterior wall.
There are two limitations of this study which deserve mention. 1) Only 11 of these 31 cases were examined pro-spectively. Since the cross-sectional appearance of these aneurysms was very characteristic and their location unknown prior to the examination, we do not feel that this influenced the analysis of the data. 2) Cross-sectional studies were compared only with single plane RAO angiograms; hence most of the ventricle was not visualized angiographically. It is conceivable therefore that the aneurysm could have involved other areas of the ventricle or that multiple aneurysms could have been present. The excellent correlation between the cross-sectional and angiographic appearance of these aneurysms suggests that the crosssectional technique has the capability of recording left ventricular structural abnormalities when they occur.
In summary, the location, contour, and motion pattern of 31 consecutive, angiographically-confirmed left ventricular aneurysms were recorded and characterized by real-time, cross-sectional echocardiography. Examinations were readily performed in the echocardiographic laboratory, cardiac catheterization laboratory, and coronary care unit without patient discomfort. Comparison with other noninvasive methods suggests that cross-sectional echocardiography may offer an improved method for the rapid noninvasive detection of ventricular aneurysms. SUMMARY The movements of the mitral, tricuspid and aortic valves have been recorded echocardiographically and related to the first heart sound (S,) in patients with various hemodynamic and conduction abnormalities. Closure of the mitral and tricuspid valves has been studied with respect to the corresponding atrioventricular pressure crossover and it is clear that both valves finish closing about 50 msec after pressure crossover. In order to clarify the relative contribution of tricuspid valve closure and aortic root events to the second high frequency component of S,, a new simultaneous dual echopho-HEART SOUNDS HAVE INTERESTED CLINICIANS ever since the invention of the stethoscope, but their genesis remains controversial. One hypothesis relates the two major components of the first heart sound (S,) to closure of the mitral and tricuspid valves, respectively, in keeping with the known sequence of activation of the heart.1 2 This theory has been challenged by Luisada and his colleagues,3'6 who postulate that the first high frequency vibrations of S, are due to tension of left ventricular structures during the early phase of the rise of pressure in the left ventricle. The second high frequency component of S, is attributed to a sudden acceleration of blood that occurs at the time of opening of the aortic valve, right sided events including tricuspid valve closure being excluded from contributing to the genesis of S1.7 The importance of atrioventricular valve closure in the genesis of the high frequency components of S, has been discounted by these workers because of the observed delay between atrioventricular pressure crossoveran event assumed to be coincident with valve closure and the production of sound. Received November 13, 1975 ; revision accepted July 14, 1976. nocardiographic technique was employed. This permitted the simultaneous registration of tricuspid and aortic valve movements and demonstrated that in certain circumstances the second high frequency component of S, could be attributed to tricuspid closure, aortic root events being excluded from the genesis of this sound. These observations suggest that the two high frequency components of S are related to closure of the mitral and tricuspid valves. The results do not however, exclude a contribution to S, of aortic root events, which may be of lower frequency vibrations.
While evidence has accumulated that the first high frequency component of S, is related to echocardiographically determined mitral valve closure,8`10 differences of opinion persist concerning the contribution of tricuspid valve closure to the second high frequency component of S.7 These are in part explained by the close temporal relationship of tricuspid valve closure and the onset of the ejection of blood into the aorta. The present study addresses itself to presenting further evidence for a unified theory of the importance of atrioventricular valve closure in the genesis of both high frequency components of S,. Specifically we have studied: 1) the relationship between right and left atrioventricular pressure crossovers and the closure of the tricuspid and mitral valves, 2) the second high frequency component of S, in patients in whom tricuspid valve closure and aortic valve opening can be clearly separated in time because of a hemodynamic or conduction abnormality. To assist further in determining which of two closely related valvular events might be responsible for the genesis of one particular heart sound, we have developed a new technique in which the phonocardiogram is recorded simultaneously with echocardiographic signals from two different cardiac structures.
Materials and Methods
A total of 14 patients were selected for special study following the registration of a standard echophonocardiogram, recorded on a Cambridge Multichannel Physiologic Recorder as previously described.9 10 CIRCULATION 944
